Background: Comprehensive geriatric assessment (CGA) is a multidimensional tool aimed at detecting multiple agerelated problems; the study of osteoporotic fractures (SOF) index is a 3-item instrument designed to measure frailty and pre-frailty status. The aim of this prospective cohort study was to evaluate the accuracy of the SOF index and CGA in predicting the disability status in elderly cancer patients.
introduction
Managing elderly cancer patients is one of the challenges facing the new century. As >70% of the total number of cancer deaths in the United States occur in people ≥65 years of age, cancer is largely a disease affecting older people [1] .
The elderly population is quite heterogeneous, but widely used geriatric assessments, i.e. comprehensive geriatric assessment (CGA), can help distinguish fit, vulnerable and frail patients [2] . Frail and vulnerable patients are more likely to suffer from disabilities and their clinical management requires special knowledge. The number of frail people, in particular, is increasing and, in the United States, ∼400 000 have cancer [3] . The phenotype of frailty is dynamic and difficult to define clinically, and so various definitions have been used over time which integrate clinical and laboratory findings [4] [5] [6] . One geriatric phenotype has been proposed based on the data of the Cardiovascular Health Study (CHS) [5, 6] . Similarly, the assessment of vulnerable patients is challenging; however, some specific diagnostic instruments were tested recently [7, 8] . CGA was first introduced in the clinical practice in the seventies and since then, a body of literature supported its value both in the geriatric and in the oncological settings. The functional status is the cornerstone of CGA and identifies, together with comorbidities and geriatric syndromes, frail and vulnerable subjects [9] [10] [11] [12] [13] [14] .
Correctly assessing disabilities is fundamental in order to avoid detrimental cancer treatment and help manage frail and vulnerable people promptly. The 'geriatric assessment-guided' management of elderly cancer patients better distinguishes fit patients who can receive full cancer treatment from those in whom disabilities are a contraindication [15] . However, geriatric assessments are not always used by all oncologists because of the time needed to administer them, and so attempts have, therefore, been made to develop screening or abbreviated instruments with encouraging results [7, [16] [17] [18] . One of these is the Study of Osteoporotic Fractures (SOF) index, a short 3-item instrument designed to measure prefrailty and frailty status. It has been tested in geriatric populations, and has been found to predict the risk of falls, disability, fractures and mortality as well as the more complex CHS index [19, 20] . However, no prospective studies have compared the SOF with standard geriatric assessment tools.
The aim of this prospective cohort study was to evaluate the accuracy of the SOF and CGA in predicting the disability status.
patients and methods patients
The study involved patients aged ≥70 years with a histologically or cytologically confirmed diagnosis of a solid tumor. The other inclusion criteria were an adequate understanding of the Italian language, no history of previous cytotoxic chemotherapy and/or radiotherapy and no other active cancer diagnosis. All of the patients underwent SOF and full CGA evaluations administered by two independent physicians before receiving cancer treatment or beginning follow-up. Any age-related problems diagnosed by the geriatric assessment were managed by a social worker, specialist consultants and/or a dietician.
Patients were rated as having some form of disability if an impairment in at least one item was detected.
functional status
This was assessed by evaluating activities of daily living (ADLs), instrumental ADLs (IADLs) and performance status (PS). The ADLs include dressing, feeding, grooming, transferring, continence and the ability to use a bathroom [21] . The IADLs include driving, preparing meals, shopping, using a telephone and managing money and medications [22] . Dependence on one or more IADLs indicates that a person cannot safely live alone; dependence on one or more ADLs indicates that a person needs assistance for some specific activities that are necessary for survival. The functionally independent patients were considered fit, those rated as being functionally dependent on at least one IADL were considered vulnerable and those with an impairment in at least one ADL were diagnosed as frail [2] . The PS was expressed using Zubrod's five-point scale, with zero being the best and four being the worst.
SOF
As defined by the SOF index, frailty was identified by the presence of two or more of the following three components: a weight loss of ≥5% during the preceding year (regardless of any intention to lose weight), an inability to rise from a chair five times without using the arms, and an answer of 'no' to the question 'Do you feel full of energy?'. Patients with none of the above impairments were considered to be robust, and those with one disability were considered to be in an intermediate stage, i.e. pre-frailty status [19, 20] . comorbidities These were assessed using the cumulative illness rating scale for geriatrics (CIRS-G), which rates 14 conditions on the basis of their severity (from 0 = no problem to 4 = severe or life-threatening). The results are expressed as a total score and as a comorbidity index (the total score divided by the number of affected organs and systems) [23] . An index of ≥3 and/or a score of 3-4 for any condition was considered a sign of substantial disability [24] .
medications
A recording was made of the number and type of medications taken at the time of the evaluation, including those for pain and nausea, and over-thecounter medications.
cognitive and social status
The cognitive status was assessed by means of Folstein's Mini-Mental State Evaluation (MMSE); the patients with a score below the normal values corrected for education were referred to a neuropsychologist. A score of ≤24 was considered as indicative of potential cognitive impairment.
The social status assessment included the patient's living conditions (alone, with a family member, with friends or in assisted care), the safety of the environment, and the presence and adequacy of a designated caregiver.
nutritional status
The nutritional status was preliminarily assessed using the mini-nutritional assessment short form, a 6-item, 14-point instrument. If the total score was <12, the patient underwent a full evaluation [25] [26] [27] . The study was sized to assess at an alpha level of 2.5% monolateral whether the diagnostic accuracy of SOF is <80% deemed as not acceptable, and at the same time at a beta level of 10% whether it is >86% deemed as clinically relevant. By adopting a Fleming design with the approach of A'Hern ∼400 patients were needed. The patients' baseline characteristics were analyzed descriptively by means of appropriate summary statistics. Comparisons were made of the distributions of the scores in the patients with metastatic and nonmetastatic disease, as well as by the CGA results (scores 1 versus 2-3; that is, fit versus unfit) using the Student's t-test or the chi-squared test for trend. The chi-squared test was used to assess the effect of metastatic status on the concordance between the CGA and SOF.
The statistical significance was set at 5%, two-sided. Analyses were carried out using SAS Software, version 9.1 (SAS Institute, Cary, North Carolina).
results
The study involved 400 cancer patients aged ≥70 years (median age 77.2, range 70-97), almost all of whom (94.5%) reported at least one comorbidity (median 3, range 1-10); their median CIRS-G score and CIRS-G index were, respectively, 4.45 (range 0-14) and 1.72 (range 0-3). The most prevalent diagnoses were lung (35.2%), colon (19.2%) and gastric cancer (7%) ( Table 1 ). The most frequent comorbidities were cardiovascular diseases (244 patients, 61%), followed by genitourinary and respiratory diseases (92 patients, 23%). Twenty of the 400 patients (5%) fell into CIRS-G categories 3-4, whereas 49/400 (12%) patients had a clinical history of multiple malignancies. The most frequent medications at the time of diagnosis were antihypertensive, cardiovascular and antacid drugs. Patients were usually married (235, 58.8%) with wife/husband as caregiver (221, 55.2%); half of them (200/400) had metastatic disease at diagnosis; the median number of metastatic sites was 1.44 (range 1-5); 331 (83%) had a PS of 0 or 1.
The CGA classified 127 patients (31.8%) as fit and 273 patients (68.2%) as unfit ( Table 2 shows SOF overall scores and their distribution according to metastatic disease. Table 3 shows disability scales by CGA categories. The concordance of SOF versus CGA scores in overall population, and by metastatic disease, is listed in Table 4 . The sensibility and specificity of SOF to detect disabilities are 89.0 (95% CI 84.7-92.5) and 81.1 (95% CI 73.2-87.5), respectively, with an estimated accuracy of 86.5 (95% CI 82.8-89.7) ( Table 5) .
discussion
In our series of elderly cancer patients, the accuracy of SOF index in recognizing disabilities reached the pre-planned endpoint. The SOF is a 3-item instrument that preliminarily identifies high-risk elderly patients and can be easily administered in everyday clinical practice. Although it is widely accepted that clinicians adopting oncological instruments as the PS can promptly recognize some disabilities, it is important to have an easy-to-use instrument to help professionals rapidly identify the patients at risk of developing inacceptable toxicity, which has become a public health priority in Western countries [28] .
Unfortunately, the many definitions of frail and vulnerable patients suggested so far have had different and inconclusive impacts on the clinical practice. Some are based on clinical judgment [29] [30] [31] and others on clinical and laboratory assessments [5-7, 20, 32-34] . As frail oncological patients are at high risk of non-cancer-related mortality in the short term and are subject to an unacceptable risk of treatment toxicity [7, 16, 35, 36] , their management is based on palliative care and, in some selected cases, low-dose chemotherapy to relieve cancer-related symptoms [2, 37, 38] . Studies of CGA in older cancer patients have demonstrated that the functional status predicts survival, chemotherapy toxicity, and postoperative morbidity and mortality [39, 40] ; however, although strongly recommended [15] , geriatric assessments are not widely used in everyday clinical practice because of the time required to administer them. Furthermore, the age-related problems highlighted by CGA scores are not always managed with the support of a geriatrician. In this regard, the SOF index can help practicing clinicians to identify the patients who are under adequate physiological, functional and psychosocial conditions, and those who require further multidisciplinary evaluation.
The screening-based approach to elderly patients was first tested in geriatric patients in an emergency room setting, with a nurse or nurse practitioner administering the geriatric instruments [41, 42] and following the patients during the management of their revealed age-related problems. The results of those trials showed that this approach led to a reduction in functional decline and increased referrals to primary physicians. Elderly cancer patients have also been administered screening instruments or short-form geriatric assessments. Overcash et al. investigated the correlation between the abbreviated and complete CGA, and defined the optimal threshold to go on to the latter [17, 18] , and other abbreviated forms or empirical models have been developed and tested with encouraging results [7, 43, 44] . For example, the CHS index has been compared with the SOF and has been proposed for use in cancer patients [6, 45] ; however, its use to assess frailty is less user-friendly in clinical practice.
Our findings are easily reproducible as they were obtained in a non-selected population of previously untreated and consecutively evaluated cancer in-and outpatients. The percentage of patients with disabilities in our casistic is comparable with those of other series [46] . Our series was also well balanced in terms of metastatic and non-metastatic We found a high value of sensitivity and of NPV both in patients with advanced and localized disease without any significant difference between the two subgroups, suggesting that in both these instances patients can benefit from a screening method like SOF before being evaluated with a full CGA. As the SOF proved to reach the end-point of our study, we support its use as a means of screening elderly cancer patients in everyday clinical practice. As a further research step, we will plan to EXPLORE SOF predictive power on oncological outcomes, as some studies recently have highlighted [37, 47, 48] . Research studies focusing on the relationship between the SOF index, cancer-related survival and treatment toxicity are ongoing in our center with a special focus on specific tumor types.
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